ABSTRACT /f-matrix calculations of electron impact excitation rates in Fe vn are used to derive relative populations for all levels in the 3d 2 ground configuration. Results are presented for a wide range of electron temperatures (8000 < T e < 120,000 K) and densities (10 4 < N e < 10 10 cm -3 ) applicable to astrophysical plasmas. The calculations are used in conjunction with observed emission-line ratios for the planetary nebula NGC 7027 to derive the electron temperature of the Fe vn-emitting region, which is found to be in good agreement with the values of T e deduced from other highly ionized species in the planetary.
I. INTRODUCTION Nussbaumer and Storey (1982) first pointed out the diagnostic applications of emission-line ratios involving transitions within the 3d 2 ground configuration of Fe vn and presented relative line strengths determined using electron impact excitation collision strengths calculated in the distorted-wave approximation (Eissner and Seaton 1972) . More recently, Norrington and Grant (1987) recalculated the collision strengths using a relativistic version of the /^-matrix code (Burke and Robb 1975) , while Keenan and Norrington (1987) derived effective collision strengths (and hence rates) from these by integration over a Maxwellian electron energy distribution. The rates derived by Keenan and Norrington are significantly different from those of Nussbaumer and Storey, due principally to the presence of resonance structure at low-impact energies in the /^-matrix collision strengths. For example, at T e = 8000 K the 3 F 4 -1 D collision rate of Keenan and Norrington is ~40% larger than that of Nussbaumer and Storey, while for the 1 D-3 P 2 transition the /^-matrix data are ~ 70% larger. In this paper we use the /^-matrix results of Keenan and Norrington (1987) to derive relative populations for levels in the 3d 2 ground configuration of Fe vn and show how they may be used in conjunction with the Einstein ^-coefficients of Nussbaumer and Storey (1982) to provide useful electron temperature and density diagnostics for astrophysical plasmas.
II. LEVEL POPULATION CALCULATIONS
The model ion for Fe vn has been discussed by Keenan and Norrington (1987) . Briefly, it consisted of the five LS states in the 3d 2 ground configuration, namely 3 F, 1 D, 3 P, 1 G, and 1 S, making a total of nine levels when the fine-structure splitting in the triplet terms is included. Only collisional excitation and deexcitation by electrons and spontaneous radiative deexcitation processes were considered, and the plasma was assumed to be optically thin. Level populations were generated using the Fe vn model in conjunction with the statistical equilibrium code of Dufton (1977) , where details of the procedures involved may be found.
III. RESULTS AND DISCUSSION
In Tables 1-8 we present relative Fe vn level populations jVf/iVtotai for a range of electron temperatures (8000 < T e < 120,000 K) and densities (10 4 < N e < 10 10 cm -3 ) applicable to astrophysical plasmas. Limited extrapolation of these results is possible using either the coronal approximation (Elwert 1952) at low densities or the movement to Boltzmann equilibrium at high densities. Our calculations for 1 D may be compared directly with those of Nussbaumer and Storey (1982) , who summarized relative populations for this level in their Table 6 . The two sets of results differ by up to 28% at T e = 8000 K, although as the temperature increases, the differences between our level populations and those of Nussbaumer and Storey decrease, until at T e = 120,000 K they become <4%. These discrepancies are due to the increased importance of resonances in the Fe vn collision cross sections at low temperatures (Norrington and Grant 1987) .
As has been noted by, for example, Nussbaumer and Storey (1982) , level populations may be used to derive emission line ratios R through the expression where À ijf À mn and 7(2^), I(A mn ) are the wavelengths and intensities (in energy units) of the lines, respectively, Nj and N n are the upper level populations of the relevant transition, and Aß and A nm are the Einstein ^-coefficients. The level populations in Tables 1-8 may therefore be used in conjunction with the A-values of Nussbaumer and Storey (1982) to derive any Fe vn line ratio of interest. Keenan and Norrington (1987) have in fact used these data to determine the ratios /( 3 F 3 -3 P 1 )/ /( 3 F 3 -1 D) = 7(5159 Â)/7(6087 Â) and 7( 3 F 4 -1 G)/7( 3 F 3 -1 D) = 7(3759 Â)/7(6087 Â) as a function of electron density and temperature. However, Keyes, Aller, and Feibelman (1990) The above ratios have been observed in the spectrum of the planetary nebula NGC 7027 by Aller and Keyes (1988) , who found R a = 0.37 and R 2 = 0.14. Adopting log N e = 4.8 (Keyes et al 1990) then leads to T^RJ -15,000 K and T e (R 2 ) -18,000 K from Figures 1 and 2 . These results are similar and, furthermore, are in excellent agreement with the electron temperature of T e ^ 16,000 K deduced from other highly ionized species in the spectra of NGC 7027, including Ar v, Ne iv, and Ne v (Keyes et al. 1990 ). This provides observational support for the accuracy of the /^-matrix electron impact excitation rates employed in the present analysis. Finally, we note (as did Nussbaumer and Storey 1982) that observations of the transition in Fe vn at 2015 Â should allow both the electron temperature and density of the emitting plasma to be determined when combined with the optical lines discussed above (see Fig. 1 of Nussbaumer and Storey). The 2015 Â line has already been identified in the spectrum of the slow nova RR Tel (Raassen 1985) and should be routinely detected in spectra recorded with Hubble Space Telescope.
We would like to thank Professor A. E. Kingston for his continued interest in the work. Fig. 1.-Plot of the theoretical Fe vn emission-line ratio R i = /( 3 F 3 -3 P 1 )//( 3 F 2 -1 D) = 7(5159 Â)//(5721 Â) as a function of electron density at electron temperatures of (bottom to top) T e = 8000, 12,000, 20,000, 60,000, and 120,000 K. ) as a function of electron density at electron temperatures of (bottom to top) T e = 8000, 12,000, 20,000, and 60,000 K. The results for T e = 120,000 K are almost identical to those for T e = 60,000 K.
